A novel sesquiterpene alcohol, named frabenol (1), was isolated from liquid cultures of Fimetariella rabenhorstii A20, an endophytic fungus of the agarwood-forming plant Aquilaria sinensis (Lour.) Gilg. The structure of the new compound was elucidated on the basis of spectroscopic methods. The finding of a sesquiterpenoid compound in F. rabenhorstii A20 implied that endophytic fungi of agarwoodproducing plants could also contribute to the generation of fragrant chemicals during the agarwood formation processes.
Agarwood is the resin-deposited part of the trunk and branches of Aquilaria, Gonystulus, and Gyrinops species (Thymeaeaceae). It is the most highly valuable resinous wood used as incenses, perfumes and traditional medicines in the world market. So far, phytochemical analyses have revealed that sesquiterpenoids [1] [2] [3] [4] [5] and phenylethyl chromone derivatives [6] [7] [8] [9] are the major fragrant chemical constituents in agarwood, while the mechanism of production of those chemicals in agarwood is still largely unclear.
It is known that agarwood cannot form in normal wood tissues, but may form in the cut, burned or withered and dying tissues of those agarwood-producing trees. Naturally, the agarwood-forming wood tissues are generally rich in endophytic fungi that are often associated with fungal diseases [10, 11] . This led researchers to believe that the fragrant chemicals characteristic of agarwood could be mainly produced as phytoalexins by the host plant. It cannot be excluded that endophytic fungi might also produce these chemicals during the agarwoodformation processes, since endophytic fungi capable of generating the same valuable bioactive chemicals as their host plants have already been recorded for several medicinal plants [12] , such as Taxomyces andreanae in the taxol-producing plant, Taxus brevifolia [13] . Recently, we isolated an endophytic fungal strain, identified as Fimetariella rabenhorstii A20, from Aquilaria sinensis (Lour.) Gilg, the main plant species in China for the production of agarwood. Preliminary bioactive assay showed that the ethanol extract of the liquid cultures of this fungus had the potential to inhibit the growth of some tumor cell strains in vitro [14] . With the aim to explore if endophytic fungi of A. sinensis were capable of generating either the same or similar bioactive chemicals as those in agarwood, we carried out a phytochemical study on cultures of F. rabenhorstii, which resulted in the identification of a novel sesquiterpene alcohol, named frabenol (1) ( Figure 1 ). In this report we describe the isolation and structural elucidation of this new compound and briefly discuss its relevance to the fragrant chemicals characterized in agarwood. revealed the existence of four quaternary methyl groups. In the 13 C NMR (DEPT) spectrum, a total of fifteen carbon signals were recognized, including four methyls, four methylenes, four methines and three quaternary carbons, of which a methine (δ C 69.3, CH-10) and a quaternary carbon (δ C 75.0, C-8) were oxygenated. These data indicated that 1 was a tricyclic sesquiterpenoid compound with two hydroxyl groups in the molecule.
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Further structural features of 1 were deduced from analysis of the 2D-NMR spectra ( Figure 2 ). In the 1 H-1 H COSY spectrum, coupled with HSQC analysis, signals for two H-atom systems were observed, corresponding to the structural fragments C-3-C-2-C-5-C-6-C-7 and C-9-C-10-C-11. In the HMBC spectrum, correlation signals indicating the fragment C-7-C-8-(Me-13)-C-9, and the direct linkage of C-4 with C-3, C-5, Me-14 and Me-15 were all exhibited. These data indicated that 1 had the same planar structure as the known sesquiterpene koraiol (2) [15] , but with one more hydroxyl group bonding at C-10. In the NOESY spectrum, significant correlations between H-2 and H-9; CH 3 -15 and H-2, H-5, and H-3 (δ H 1.52); H-3 (δ H 1.71) and CH 3 -12 and CH 3 -14; H-7 (δ H 1.32) and H-9; and H-7 (δ H 1.85) and CH 3 -13 were observed, indicating the same relative configurations of C-1, C-2, C-4, C-5, C-8 and C-9 in 1 as those in koraiol [15] . The α-orientation of the hydroxyl group bonding at C-10 was determined on the basis of the presence of a strong NOE correlation between H-10 and H-9, but the absence of correlations between either CH 3 -12 or CH 3 -13 with H-9. Thus the structure of frabenol (1) was established as that shown in Figure 1 .
Frabenol (1) is a sesquiterpenoid compound with a type of carbon skeleton rather rare in nature, and only koraiol has been previously reported. 5,8-Cyclocaryophyllan-4-ol, a sesquiterpene alcohol that was detected in Cangerana oil [16] , has a type of carbon skeleton very close to that of koraiol and frabenol. It has been suggested in the literature that the difference in the two types of carbon skeleton would most probably arise at the cyclization stage of a common 11-membered humulene precursor [15, 17, 18] (see Figure 3 ). Since α-humulene, the proposed precursor of frabenol, and some caryophyllene related compounds have been believed to be chemical constituents of agarwood [19, 20] , the isolation of frabenol (1) in cultures of this fungus supported the deduction that endophytic fungi of agarwood-producing plants could also contribute to the production of fragrant chemicals in agarwood, at least for sesquiterpenoid compounds.
The formation of agarwood in all agarwood-producing trees is a time-consuming process. Due to chaotic overexploitation in recent years, agarwood is now facing a serious shortage in nature, leading to the search for alternative ways to complement the urgent market needs for agarwood [5, 20] . This is the first report of the occurrence of a compound biogenetically related to the agarwood fragrant chemicals in endophytic fungi of agarwood-producing plants, which suggest that endophytic fungi could be potential new sources for producing bioactive fragrant chemicals identical or similar to those characterized in agarwood.
Frabenol (1) was tested in vitro for inhibitory activity against human tumor cell lines SF-268 and MCF-7, but was shown to be inactive (IC 50 >100 µM). 
Experimental

Fungal material:
The endophytic fungal strain A20 was isolated from the root of A. sinensis collected at Xinyi County, Guangdong Province, P.R.China, in November, 2007. The fungal strain was identified by sequence analysis of its rDNA ITS (internal transcribed spacer) region. The sequence of the ITS region of A20 has been submitted to GenBank (Accession No. EU781677). By using the BLAST (nucleotide sequence comparison program) system to compare the sequence of ITS region of A20 with GenBank databases, almost 100% similarity of A20 was exhibited to that of the fungus F. rabenhorstii (GenBank Accession No. AM921717), isolated from Ammophila arenaria [21, 22] . Therefore, A20 was identified as F. rabenhorstii, and the fungal strain was deposited at the Guangdong Provincial Key Laboratory of Microbiol Culture Collection and Application, Guangdong Institute of Microbiology.
Fermentation, extraction and isolation: F. rabenhorstii was grown on potato-dextrose agar (PDA) medium at 28ºC for 3 days and then inoculated into 5 flasks (500 mL) containing potato-dextrose (PD) medium (250 mL). After 5 days of incubation at 28ºC on a rotary shaker at 150 r/m, a portion of the liquid culture was aseptically transferred into each of a total of 240 flasks (1000 mL) containing PD medium (500 mL). Following 7 days of cultivation at 28ºC and 150 r/m on a rotary shaker, the culture (total of 120 L) was filtered to give the filtrate and mycelia. Supplementary data: 1 H, 13 C NMR, IR and mass spectra for frabenol (1) are included in the supplementary data.
